Gorlin Syndrome (GS), also known as nevoid basal cell carcinoma syndrome, is a rare autosomal dominant condition characterized by developmental abnormalities and predisposition to certain neoplasms. Acute invasive fungal rhinosinusitis (AIFRS) is an uncommon clinical entity characterized by high morbidity and mortality. In immunocompromised patients, computed tomography plays a critical role in screening for suspected AIFRS. However, due to the association between exposure to ionizing radiation and subsequent development of malignancies in patients with GS, patients with GS and suspected AIFRS present a unique and challenging clinical scenario. We present a case of a pediatric patient with GS and acute lymphocytic leukemia (ALL) diagnosed with AIFRS; to the best of our knowledge, it is the only case described in the literature.
Introduction
Acute invasive fungal rhinosinusitis (AIFRS) is a serious condition characterized by high morbidity and a high mortality rate of 50%-80% in immunocompromised patients [1] . Due to the need for expeditious imaging in suspected cases to assist in diagnosis and management, CT is often used as the initial diagnostic modality, though magnetic resonance imaging (MRI) plays a critical role in the diagnosis of AIFRS [2] .
Gorlin Syndrome (GS) is a rare autosomal dominant condition characterized by multiple basal cell carcinomas of the skin, odontogenic keratocysts, dermoid cysts, mesenteric cysts, pits of the palms and soles, eye anomalies, variable developmental delay, and skeletal abnormalities including macrocephaly, tall stature, and rib and vertebral anomalies [3, 4] . Gorlin Syndrome is due to a mutation in PTCH1, a tumor suppressor gene involved in the Sonic Hedgehog ligandsignaling pathway that plays a role in normal embryonic development [4] . Loss of heterozygosity due to this mutation predisposes patients to the characteristic features of the syndrome, as well as medulloblastomas, rhabdomyosarcomas and other cancers [4, 5] . Because exposure to ionizing radiation is an important cofactor for secondary malignancies in patients with GS, CT and X-ray should be used judiciously in these patients [6] . Thus, screening as well as diagnostic testing for fungal sinus disease presents a particular challenge in these patients.
We present a case of a pediatric patient with GS and ALL diagnosed with AIFRS. We discuss the special considerations of this case, in addition to the characteristics of Gorlin Syndrome as they apply to the otolaryngologist, the clinical and radiographic findings of AIFRS, and role of imaging in the diagnosis of AIFRS.
Case Report
An 8-year-old Caucasian male presented to our facility with a 2-week history of refractory clear rhinorrhea, facial pain, jaw pain, and somnolence. The patient had previously been diagnosed with sporadic GS after being found to have multiple basal cell nevi and pitting of the palms and soles at the age of 5, as well as more recently a second relapse of ALL and chemotherapy-associated neutropenia (absolute neutrophil count 0/mm 3 ). Family history was negative for GS but revealed a maternal third cousin with osteosarcoma and a maternal second cousin with ALL. The patient denied double vision, decreased vision, and nasal obstruction but did have one episode of epistaxis on the day of admission. There was no known exposure to nickel or significant secondhand smoke exposure. At the time of evaluation he was receiving micafungin for anti-fungal prophylaxis. On physical examination there was a pale gray lesion on the palate suspicious for avascular tissue, versus underlying Gorlin-related cyst. Black debris in the nares was believed to be due to epistaxis; deeper examination revealed grey/brown tissue and nasal polyposis. Because of concerns regarding ionizing radiation, evaluation with MRI was pursued.
MRI demonstrated sharply delineated hypoenhancement of the nasal septum and bilateral inferior turbinates consistent with necrosis, which extended inferiorly to the hard palate and superiorly to the inferior aspect of the sphenoid body (Figures 1(a) and 1(b)). There was no MRI evidence of intracranial extension. There was no significant mucosal swelling or edema, or other mucosal signal abnormalities, on short-tau inversion recovery (STIR) images (Figure 1(c) ). A large cyst centered on the crown of a left maxillary molar consistent with odontogenic cyst extended into and expanded the left maxillary sinus (Figure 1 ). Smaller cysts with a similar appearance surrounded the roots of a right maxillary molar (Figures 1(a) and 1(b) ) and a mandibular molar (not shown). A right convexity collection consistent with subdural hemorrhage complicated the imaging findings.
Treatment with liposomal amphotericin B and oral posaconazole was initiated and micafungin continued. Surgical biopsy taken from the hard palate revealed focal areas of necrosis. Gömöri methenamine-silver stains demonstrated tissue invasion by wide, sparsely septated hyphae, consistent with Zygomycetes or Aspergillus. Tissue cultures were sterile. Due to the poor prognosis of the patient's underlying disease and quality of life concerns, aggressive surgical management was not pursued.
Despite antifungal therapy, the patient continued to deteriorate clinically. CT at one month after diagnosis demonstrated extension of sinonasal disease, new orbital invasion, demineralization of the nasal turbinates, and a small focus of nasal septal destruction. The patient's course was complicated by Enterococcus faecium bacteremia, disseminated Candida famata infection, and progressive obstruction of the upper airway. He expired two months following the diagnosis of AIFRS.
Discussion
In GS the predisposition to certain solid tumors including medulloblastoma and rhabdomyosarcoma due to genetic defects in the Sonic Hedgehog pathway has been well described [5] . An association between GS and hematologic malignancies such as acute lymphocytic leukemia, as occurred in our patient, to our knowledge has not been previously described [5] . Alternatively, our patient may have developed ALL due to another cancer predisposing gene as the family history reveals two maternal relatives with osteosarcoma and ALL, though this theory was unconfirmed due to unavailability of the affected individuals and their medical records. There was no first degree relative with cancer or malignancy.
At our institution, CT is frequently utilized to screen immunocompromised patients with ALL for sinus disease, particularly prior to bone marrow transplant. This diagnostic method becomes problematic, however, in patients with GS, who are particularly susceptible to ionizing radiation [6] . Treatment-dose ionizing radiation typically results in the formation of advanced and difficult-to-treat basal cell carcinomas three to six months later [7] . For this reason, CT and X-ray, which use ionizing radiation, are relatively contraindicated in patients with GS and should be used judiciously.
Early recognition and diagnosis of GS will guide appropriate treatment for patients, including minimizing of both therapeutic and diagnostic radiation [8] . While odontogenic keratocysts and basal cell carcinomas aid in the diagnosis of GS, these characteristics are usually progressive in nature and may appear in later childhood and adolescence. Thus, awareness of features presenting earlier in life, such as dermoid cysts, which may be recognizable in infancy, may raise clinical suspicion and be helpful in establishing an early diagnosis. Other craniofacial clues include relative macrocephaly and hypertelorism (prevalence of each approaching nearly 50%) and frontal bossing (present in over 25% of patients) [6] . Additionally, there is an association with cleft lip and palate [6] . Radiographically, the most common finding is calcification of the falx cerebri, which typically takes years to develop but may be present earlier in life. Other radiographic clues include bridging of the sella turcica (seen in over 66% of patients) and abnormal frontal sinus aeration [6] . Significantly, medulloblastoma occurs earlier in life in patients with GS than in the general population; it has been suggested that over 4% of patients with medulloblastoma younger than the age of 5 may have undiagnosed GS and that younger patients with medulloblastoma, particularly of the desmoplastic variant, should be screened clinically for GS [7] .
Acute invasive fungal rhinosinusitis (AIFRS), an uncommon entity, occurs almost exclusively in patients who are immunosuppressed or those with diabetes mellitus. Patients can present with serosanguinous rhinorrhea, nasal fullness or obstruction, sinus pain, diplopia, loss of visual acuity, cranial nerve involvement, or with nonspecific signs such as fever [1, 9] . Orbital involvement is typical, although it was not present until late in this case [10] . Bony destruction is common [11] .
With an overall mortality rate of 50%-80%, prompt diagnosis and management are key [1] . The combination of prompt surgical intervention and antifungal therapy has proved superior to monotherapy with intravenous antifungals [11] . Previously, conventional wisdom dictated that CT was sufficient for radiographic evaluation for AIFRS. However, the sensitivity of MRI in detecting early findings of AIFRS, such as periantral fat infiltration and tissue necrosis, is superior to that of CT; [2, 12] bony destruction detectable by CT is a late finding with respect to disease progression. MRI is therefore helpful in differentiating AIFRS from other inflammatory entities and can make a crucial difference in patient care. MRI is particularly suitable in circumstances of high clinical suspicion for early or subtle disease, or relative contraindication to CT, both present in this case.
Hypoenhancement and near-normal T2 signal in invasive fungal disease due to microvascular invasion of hyphae and subsequent necrosis in the absence of an immune response sufficient to cause substantial mucosal edema, as seen in this case, are suggestive of AIFRS; this is distinct from the diffuse enhancement and T2 hyperintensity typically seen in other inflammatory diseases [12, 13] . A pattern of nasal cavity, orbital, ethmoid, and maxillary involvement is highly suggestive [14] . For the head and neck surgeon, MRI can better delineate areas of involvement, which may guide surgical intervention in the form of endoscopic versus open surgical debridement and simple debridement versus more extensive resections [15] .
This report of AIFRS in a patient with GS represents an uncommonly encountered comorbidity and exhibits a unique and challenging clinical scenario. Because ionizing radiation should be minimized in patients with GS, in this clinical situation, MRI should be promptly performed for timely and accurate diagnosis of AIFRS.
